S4
photolithographically using a standard double-layer photoresist (LOR5B/S1813), electronbeam evaporation (2 nm Ti, 30 nm Au) and lift-off process on thin glass substrates (Schott AF32 Eco, thickness 0.3 mm). Before PbS QD deposition the substrates were cleaned with acetone and isopropanol in an ultrasonic bath and subsequently rinsed with deionized water.
PbS film formation was carried out in a nitrogen filled glove box. A solution of PbS QDs in octane was passed through a 0.2 µm filter onto the pre-patterned electrodes and spin-coated at 2500 rpm for 10 s. A 1 % v/v solution of MPA in methanol was dropped onto the PbS QD layer to exchange oleic acid ligands. The MPA solution was allowed to remain on the QD layer for 30 s before spinning at 2500 rpm for 10 s. Each layer was then washed with methanol twice to remove any organic residue and then dried for ~ 10 s at 80 °C. The final film was formed by repeating this process several times (layer-by-layer, LBL). Excess PbS QDs outside the interdigitated electrodes were removed with toluene. P(VDF-HFP) was co- Quantum dot solutions enclosed in quartz cuvettes and thin film samples, respectively, were mounted on a PTFE sample holder in the center of the sphere. Quantum yield measurements were performed according to DeMello et al. 1 The laser beam was directed either onto the sample (direct excitation) or on the wall of the integrating sphere (indirect excitation). The scattered laser light and PL signal were fiber-coupled to the Acton SpectraPro SP2358 spectrometer. Emission spectra were compared to PL spectra measured outside the sphere to account for re-absorption/re-emission effects in the integrating sphere. 
I. Calculation of excitation density for lifetime measurements
The excitation density can be defined as the number of absorbed photons per quantum dot per pulse:
, where is the photon flux per pulse and is the absorption cross section of a quantum dot.
The average photon flux is calculated according to the following equation:
, where is the average laser power, is the laser repetition rate, is the excitation wavelength, ℎ is the Planck´s constant, is the speed of light and is the radius of the diffraction limited focal spot (accounting for objective NA = 0.8).
For the two average laser powers we used in this work (630 nW and 15 µW), the photon fluxes per pulse are equal to:
= 0.088 × 10 and = 2.096 × 10
The absorption cross section can be calculated using the following formula:
, where is the photon wavelength in vacuum, is the refractive index of the environment Alternatively, the effective absorption cross section of the QDs in our thin solid films can be defined as:
, where is the thickness of the QD film, is the concentration of the QDs and is the absorption coefficient: Accounting for the IRF, PL curves can be reconvoluted to a tri-exponential function:
, where coefficients , , were renormalized:
in order to extract relative contribution of the QDs emitting with different lifetimes ( + + = 1 (i.e. 100%)).
We highlight that a tri-exponential fit can give arbitrary dependencies of the amplitudes and 
, where and correspond to the particles with mostly hole or electron traps, and represents QDs with almost none of them active. The lifetime of each component is a function of the radiative decay rate of excitons , the intrinsic nonradiative decay rate of excitons , and the effective trapping rate of charge carriers (previously fitted by two fast components in tri-exponential PL decay fits).
In case of hole or electron injection at high gate voltages (see 
